NADPH- and NADH-dependent oxygen radical generation by rat liver nuclei in the presence of redox cycling agents and iron.
Redox cycling agents such as paraquat and menadione increase the generation of reactive oxygen species in biological systems. The ability of NADPH and NADH to catalyze the generation of oxygen radicals from the metabolism of these redox cycling agents by rat liver nuclei was determined. The oxidation of hydroxyl radical scavenging agents by the nuclei was increased in the presence of menadione or paraquat, especially with NADPH as the reductant. Paraquat, even at high concentrations, was relatively ineffective with NADH. The highest rates of generation of .OH-like species occurred with ferric-EDTA as the iron catalyst. Certain ferric complexes such as ferric-ATP, ferric-citrate, or ferric ammonium sulfate, which were ineffective catalysts for .OH generation in the absence of paraquat or menadione, were reactive in the presence of the redox cycling agents. Oxidation of .OH scavengers was sensitive to catalase and competitive .OH-scavenging agents under all conditions. The redox cycling agents increased NADPH-dependent nuclear generation of H2O2; stimulation of H2O2 production may play a role in the increase in .OH generation by menadione and paraquat. Menadione inhibited nuclear lipid peroxidation, whereas paraquat and adriamycin were stimulatory. The nuclear lipid peroxidation with either NADPH or NADH plus the redox cycling agents was not sensitive to catalase or .OH scavengers. These results indicate that the interaction of rat liver nuclei with redox cycling agents and iron leads to the production of potent oxidants which initiate lipid peroxidation or oxidize .OH scavengers. Although NADPH is more effective, NADH can also participate in catalyzing the production of reactive oxygen intermediates from the interaction of quinone redox cycling agents with nuclei. The ability of redox cycling agents to interact with various ferric complexes to catalyze nuclear generation of potent oxidizing species with either NADPH or NADH as reductants may contribute to the oxidative stress, toxicity, and mutagenicity of these agents in biological systems.